Discrepancy between face and word memory was measured with experimental continuous recognition tests and compared with right-left asymmetry of lateral ventricle size, measured with volumetric x-ray computed tomography, in 10 young and in 10 elderly subjects. All were right-handed and healthy. Old subjects differed significantly from young subjects on face but not word memory. Old subjects had significantly larger lateral ventricles than did young subjects and more lateral ventricle asymmetry. No group trend toward disproportionate age-related enlargement of the right ventricle relative to the left was noted. In old subjects, however, lateral ventricle asymmetry correlated with face-word memory discrepancies in the expected direction, worse word than face memory being associated with disproportionate enlargement of the left lateral ventricle. These correlations were not significant in young subjects. These results suggest that the group trend toward disproportionate nonverbal/visual, as opposed to verbal, age-related memory differences is not associated with a group trend toward disproportionate enlargement of the right ventricle. Individual deviations from the normative pattern of age-related ventricle enlargement, however, are associated with different patterns of material-specific memory changes.
L ATERAL ventricle size is an index of brain atrophy that can be measured noninvasively using x-ray computed tomography (CT) brain imaging. In cross-sectional studies of healthy aging, lateral ventricle size increases (Barron, Jacobs, & Kindel, 1976; Earnest, Heaton, Wilkinson, & Manke, 1979; Gyldensted, 1977; Hughes & Gado, 1981; Schwartz et al., 1985; Soininen, Puranen, & Riekkinen, 1982; Zatz, Jernigan, & Ahumada, 1982) , whereas memory and visuospatial performance decrease (Hochandel & Kaplan, 1984; Springer & Deutsch, 1985) . Variance of lateral ventricle size also increases with age , suggesting substantial interindividual differences in agerelated atrophy. It is unclear, however, whether increases in lateral ventricle size which are due to the aging process, per se, have neuropsychological associations. Although increased lateral ventricle size has been associated with decreased neuropsychological performance (Earnest et al., 1979; Jacoby, Levy, & Dawson, 1980) , no study has directly addressed the question: Are age-related differences in brain structure correlated with age-related differences in neuropsychological function?
Many studies combine normal elderly subjects and patients with brain disease in their analyses (Eslinger, Damasio, Graff-Radford, & Damasio, 1984; Roberts & Caird, 1976) or do not adequately screen for other diseases that may influence brain function (Earnest et al., 1979; Gonzalez, Lantieri, & Nathan, 1978; Yeo, Turkheimer, Raz, & Bigler, 1987) . Some studies treat age as a confounding variable and examine partial correlations that factor out age (Earnest et al., 1979; Jacoby et al., 1980) , thus excluding the variance of interest, namely age-related structural and functional differences that are unconfounded by disease. Other studies include healthy subjects of a wide age range (31-87 years) but do not control for the effect of age on their correlational analysis (Stafford, Albert, Naeser, Sandor, & Garvey, 1988) ; therefore, it is unclear whether the variables of interest are related to each other because of their common relation with age.
The lateral ventricles are cerebrospinal fluid (CSF)-filled compartments which do not contain neurons. Even though they are not adjacent to the structures critically involved in memory, such as the temporal lobes and the limbic system (Milner, 1971; Mishkin, 1978; Roberts & Caird, 1976) , enlargement of the lateral ventricles is an indicator of brain atrophy in neuron-containing structures (Jernigan, 1986) . The larger is the size of the lateral ventricles, the smaller the size of neural brain structures. Because there is no evidence that the brain structures most affected by atrophy are those directly adjacent to the lateral ventricles (Jernigan, 1986) , we cannot exclude that the lateral ventricles are partly an index of atrophy in the temporal lobes. Unfortunately, due to spectral shift and partial voluming artifacts and the gross anatomical measurements of x-ray computed tomography (Jernigan, 1986) , which preclude reliable measurements of tissue density in memory-related structures, investigators have used the size of the lateral ventricles as an indicator of atrophy in neuron-containing structures.
Because there is an age-related increase in lateral ventricle size, and because decreased ability to commit new declarative knowledge to long-term memory is the most consistently reported age-related cognitive change, we decided to examine whether individual differences in the relative sizes of the right and left lateral ventricles are related to discrepancy between face and word memory in young and old healthy adults. To increase the likelihood of detecting subtle relations between cognitive and structural brain changes, we P55 used experimental continuous recognition memory tests; these were designed to provide sensitive and discriminative measures between different degrees of memory efficiency in normal subjects, widening the range of performance as appropriate for correlational studies. Continuous recognition memory tests also provided comparable (Chapman & Chapman, 1973) and purer measures of face and word memory. All subjects were carefully health-screened in order to determine whether in aging unconfounded by disease, age-related cognitive changes are associated with age-related changes in lateral ventricle size. We used volumetric measures of the lateral ventricles, which are more reliable than linear or planimetric measures of ventricular volume. We predicted that subjects with larger right than left lateral ventricles would have poorer face than word memory and vice versa, based on the assumption that nonverbal/visual and verbal memory depend on the functional integrity of right and left hemisphere structures, respectively (Milner, 1971) . The results demonstrated a significant relation between right-left lateral ventricle asymmetry and face-word memory discrepancies in old but not in young subjects, suggesting this relation is due to age-related atrophy.
METHODS

Subjects
Ten young and 10 older subjects were studied. All subjects were right-handed and matched for sex (7 males, 3 females in each group). The mean age ± SD for the young subjects was 30 ± 5 years, and for the old subjects it was 63 ± 8 years. Old subjects had significantly more education than did young subjects (18 ± 2 years vs 15 ± 1 years), most of whom were still in college or graduate school at the time of testing. Details of the screening procedure can be obtained from Duara et al. (1983) . Physical examination and screening laboratory evaluation indicated that all subjects were in optimal health and had no present or past medical, psychiatric, or neurological disorder that could compromise brain function (Duara et al., 1983) . All were normotensive and unmedicated. Vision was normal or corrected to normal (20:20/25).
Standard Neuropsychological Tests
The Wechsler Adult Intelligence Scale (WAIS; Wechsler, 1955) , Extended Range Drawing (Haxby & Rapoport, 1985) , Syntax Comprehension (Haxby & Rapoport, 1985) , and Benton Facial Recognition (Benton, Van Allen, Hamsher, & Levin, 1975) tests were administered to evaluate general intellectual, verbal, and visuoperceptual functions. Tests of immediate and delayed recall for stories and figures from the Wechsler Memory Scale (WMS; Wechsler, 1945) were used as standard measures of nonverbal/visual and verbal memory. For one old subject, WMS, Extended Range Drawing, Syntax Comprehension, and Benton Facial Recognition test scores were not available.
Continuous Recognition Memory Tests
Materials. -Nonverbal/visual and verbal memory were tested using continuous recognition tests. Nonverbal/visual materials were an equal number of unfamiliar male and female faces chosen from a high school yearbook. Verbal materials were low-imageability high-frequency verbs (50 to 100 occurrences per million words of text) (Thorndike & Lorge, 1963) .
Apparatus. -Continuous recognition memory tests were controlled by an Apple He computer (Apple, Cupertino, CA). Black-and-white photographs of faces were shown using a Kodak Ektagraphic HIAT slide projector (Kodak, Rochester, NY) with a tachistoscopic shutter, on a rear projection screen and subtended a visual angle of 13° vertically and 10° horizontally. White uppercase-lettered words on a black background were presented on an AMDEK Color He monitor (Amdek, Elk Grove, IL) with a visual angle of 1°v ertically and 2° to 5° horizontally. For both materials, subjects sat 50 cm from the screen.
Procedure. -Four blocks of 62 items for each material were presented in counterbalanced order. Items were presented one at a time for 4.5 sec with a dark interstimulus interval of 1.5 sec. In each block 24 stimuli were repeated once after 0, 1, 4, 8, 12, or 16 distractors. The memory delays corresponding to these six intervals equalled 1.5,7.5, 25.5, 49.5, 73.5, or 97.5 sec, respectively. Each interval occurred four times in each list. The subject was instructed to respond to each stimulus by pressing a button marked "1st" for the first presentation of an item, and a button marked "2nd" for the repetition of an earlier item.
Volumetric X-Ray Computerized Tomography
Computed tomographic (CT) scans of the head were obtained using a General Electric (Schenectedy, NY) 8800 CT/ T Scanner with an in-plane resolution of 1 mm. Seven slices were derived. Each CT slice was 10 mm thick with an interslice spacing of 7 mm center to center, and was taken parallel to and from 30 to 80 mm above the inferior orbitomeatal line . The CT scanner was standardized daily by an internal standardization program and a water phantom set to a mean CT density of 0 Hounsfield units. Data were analyzed using a PDP 11/34 with a semiautomated method (De Leo, Schwartz, Creasey, Cutler, & Rapoport, 1985) . Each CT slice was displayed on a TV monitor. The right and left lateral ventricles were outlined using a light pen, on each slice in which they were seen, and the number of pixels computed. The right and left lateral ventricle volumes were then derived by summing the number of pixels across slices, and by multiplying the sum by the pixel area (.0064 cm 2 ) and the interslice distance (0.7 cm). Because there was no underlying pathological process, long intervals between CT scans and memory testing were allowed. The mean interval ± SD between CT scans and the administration of experimental continuous recognition memory tests was of 1.41 ± 1.18 years (range 0.3-4) for the healthy young and of 1.96 ± 1.85 years (range .04-4.5) for the healthy old subjects. These intervals did not differ by Mest(f = -.80, p = .44).
Informed consent for all procedures was obtained.
Statistical Procedures
Non-memory nonverbal/visual-verbal discrepancies contrasted the WAIS Performance and Verbal Intelligence Quo-tients, the WAIS Perceptual Organization and Verbal Comprehension Deviation Quotients (DQ), the WAIS Perceptual Organization and WAIS Memory and Freedom From Distractibility DQ, the Extended Range Drawing and Syntax Comprehension, and the Benton Facial Recognition and Syntax Comprehension test scores. Nonverbal/visual-verbal memory discrepancies derived from standard tests included the WMS tests of immediate and delayed recall for stories and figures. Due to scaling differences, the WMS, Extended Range Drawing, and Syntax Comprehension test scores were ranked and the differences between nonverbal/ visual and verbal ranks computed for the calculation of discrepancy indices. Discrepancy indices derived from the WAIS were calculated as simple differences between IQs or DQs.
Continuous recognition memory strength was measured using d' derived from signal detection theory (Banks, 1970) . The four blocks of the verbal material were combined, as were those for the nonverbal/visual material. For each material, the overall rate of false positive responses (erroneous responses to the first presentation of a stimulus) and the rate of false negative responses for each retention interval (erroneous responses to the second presentation of a stimulus) were calculated as Z-scores. Memory strength at each interval was calculated as d', the sum of the Z-scores for the false negatives for that interval and the Z-score for the overall false positive rate. Upper and lower limits for Z-scores were set at ± 1.86, to weight equitably the distributions of hits and false alarms. Combined d's were also calculated for a short-term memory delay (STM; intervals 0 to 4 combined; duration 1.5 to 25.5 sec) and a long-term memory delay (LTM; intervals 8 to 16 combined; duration 49.5 to 97.5 sec), based on the assumption that STM has a limited capacity of 7 ± 2 items or "chunks" (Miller, 1956) . Faceword memory discrepancies were calculated as simple differences between d' values.
Continuous recognition memory strength (d') in the two groups was compared using a three-way analysis of variance (ANOVA) with one group factor (young vs old) and repeated measures on two within-subject factors: interval (0, 1, 4, 8, 12, 16) and material (words, faces) (Kendall & Stuart, 1961) . A two-way ANOVA with two within-subject factors (interval and material type) was performed separately for each group to determine the relative contribution of these factors to the combined results. Post-hoc Bonferroni Mests were used to compare face-word memory differences within each group (Brown & Hollander, 1977) . Equality of variances for the face and word materials in each group were calculated using F-tests (Brown & Hollander, 1977) .
Because lateral ventricle size in young subjects was not normally distributed, Mann-Whitney U Mests were used to compare the size of the right and left lateral ventricles and the absolute values of lateral ventricle asymmetries, calculated as simple differences, in young and old subjects. These values were compared in young and old subjects both uncorrected and corrected for total brain volume.
Relations between right-left lateral ventricle asymmetry and face-word discrepancies were analyzed with Spearman correlation coefficients. This nonparametric statistic was chosen because right-left lateral ventricle asymmetries were not normally distributed. To compute these correlations, only uncorrected asymmetry measures were used, since the magnitude of the correlations would remain unchanged by applying a constant (such as total brain volume).
RESULTS
Standard Neuropsychological Tests
Young and old subjects had equivalent full-scale WAIS IQs and factor deviation quotients (DQs), which are all agecorrected measures of intellectual ability (Table 1) . Analysis of non age-corrected WAIS performance and verbal scaled scores showed significant age-related differences on tests of visuospatial performance, but not on tests of verbal ability. There were no age-related differences on the Extended Range Drawing and Syntax Comprehension tests. Older subjects differed from young on the Benton Facial Recognition Test, although all subjects obtained scores above 40, indicating normal perception. Older subjects did not differ from young on the WMS immediate recall for stories and figures, and on the delayed recall for stories. However, they did differ on the WMS delayed recall for figures, indicating age-related differences in long-term nonverbal/visual memory. These results demonstrate age-related differences in at least some aspects of visuoperceptual cognition and of nonverbal/visual memory with preservation of verbal abilities and verbal memory. However, we cannot entirely exclude the role of psychomotor slowing in explaining agerelated differences in visuoperceptual performance, since the WAIS Performance subscales and the Benton Facial Recognition are timed tests. 
Continuous Recognition Memory Strength
The main effect for material (face vs word) was significant, indicating that the two materials did not represent the same degree of difficulty for all subjects combined [^(1,18) = 7.28, p < .05] (Figure 1) . A significant Material x Group interaction [F(l,18) = 7.13, p < .05] indicated that the differences between face and word memory were not equivalent for young and old subjects. Face and word continuous recognition memory tests had equivalent difficulty levels in the elderly group (F < 1), but not in the young group, who had stronger memory for faces than for words [F(l,9) = 38.51, p < .0005]. Post-hoc comparisons using Bonferroni /-tests indicated that there were significant agerelated differences on face memory for intervals 1,4,8, and 16 (p < . 05), but there were no significant word memory age-related differences.
A significant main effect for interval [F(5,90) = 28.79, p < .0001] indicated decreased retention with longer intervals. The Interval x Group interaction, which would indicate whether the old subjects had a faster rate of forgetting than the young, was not significant p < .0001], indicating that, for the two groups combined, the shape of the forgetting curve for words was significantly different from that of faces. For word memory there was a decline in strength more marked up to interval 4 (25.5 sec), then a more gradual increase up to interval 12 (97.5 sec). For face memory, however, asymptote was reached by interval 1 (7.5 sec). The Material x Interval x Group interaction was not significant, indicating that the differences observed in the nonverbal/visual and verbal forgetting curves were equivalent in the two groups (F < 1). Variances of the face and word materials for short-and long-term continuous recognition memory measures within each group did not differ by F-test (all p's > .05).
Lateral Ventricle Size and Asymmetry
The right and left lateral ventricles were significantly larger in old as compared to young subjects, both corrected or uncorrected for total brain volume ( Table 2 ). The absolute values of lateral ventricle asymmetries in young and old subjects did not differ significantly, regardless of whether they were corrected or uncorrected for total brain volume. Because the results were comparable with both corrected and uncorrected values, and because a correction for total brain volume does not affect asymmetry indices, all further analyses are reported with uncorrected values. In the young group, one subject had disproportionately large ventricles. His Zscores for the right and left lateral ventricles were 9.25 and 2.68 respectively, and 20.05 for lateral ventricle asymmetry, indicating that he is clearly an outlier and can justifiably be dropped from some analyses. When he was excluded from the analysis, mean lateral ventricle asymmetry, using absolute values, did differ in young and old subjects (U = 18, p < .05). Although five subjects had greater left than right and one subject greater right than left lateral ventricles, the trend toward greater left lateral ventricle dilatation was not statistically significant (Wilcoxon signed-rank test, Z = -1.78, p > .07). Seven elderly subjects had asymmetries that differed from the young subject mean by more than 2 SD (calculated excluding the outlier). All but one of these subjects had greater left than right lateral ventricles. This trend toward more left than right lateral ventricle dilatation, however, was not statistically significant (Wilcoxon signed-rank test, Z = -1 . 5 3 , p > .12).
Relations Between Nonverbal/Visual-Verbal Discrepancies and Right-Left Lateral Ventricle Asymmetry
In healthy old subjects, face-word continuous recognition short-term and long-term memory discrepancies were significantly related to right-left lateral ventricle asymmetry (Table 3 ). All correlations were in the expected direction. Analyses of the relation between lateral ventricle asymmetry and face-word short-and long-term memory discrepancies were also carried out excluding the older subject with the largest ventricles and ventricular asymmetry. The correlations were of -.68 (Z = -1.93, p > .05) for long-term memory and of-.73 (Z = -2.09, p < .05) for short-term memory, respectively, indicating that the correlations between memory discrepancies and lateral ventricle asymmetry were not due to this subject.
Examination of scatterplots of these relations (Figure 2 ) revealed that old subjects with disproportionately worse word memory had large left greater than right lateral ventri- cle asymmetries. Old subjects with worse face than word memory, however, had symmetric ventricles or small right greater than left asymmetries. Our sample did not include any older subjects with large right greater than left lateral ventricle asymmetries. The larger number of subjects in our sample with left greater than right lateral ventricle asymmetries is a reflection of the trend in the general population. It has been previously shown that 90% of right-handed individuals have larger left than right lateral ventricles (De Carli, Kaye, Horwitz, & Rapoport, 1990) .
In healthy young subjects, no significant correlation was found between face-word continuous recognition short-and long-term memory discrepancies and right-left lateral ventricle asymmetry (Table 3 and Figure 2 ). All correlations were also not significant after removal of the one young subject with large ventricles.
In both groups, no significant correlation was found between right-left lateral ventricle asymmetry and discrepancies derived from standard tests of nonverbal/visual and verbal ability and of nonverbal/visual and verbal memory.
DISCUSSION
Age-related differences were found on tests of nonverbal/ visual but not verbal memory. These disproportionate nonverbal/visual memory differences, however, were not accompanied by disproportionate age-related differences in right relative to left lateral ventricle size. In fact, we found, as have others Yeo et al., 1987; Zatz et al., 1982) , a nonsignificant trend toward greater left hemisphere atrophy. Nonetheless, discrepancies between face and word memory were correlated in the expected direction with right-left asymmetries of ventricle size in the older subjects.
Although the group trends generally support our prediction that material-specific age-related memory differences are accompanied by corresponding asymmetries in hemispheric atrophy, we find an overall trend for symmetric ventricles or for greater left than right lateral ventricles associated with greater face than word age-related memory changes. The classic pattern of greater age-related impairment of face than word memory, therefore, is apparently not associated with greater age-related atrophy in the right hemisphere, as we would have expected. However, the right-left distribution of atrophy correlated with the magnitude of nonverbal/visual and verbal memory changes, indicating that individuals with greater than average right-sided ventricular enlargement had relatively greater face than word memory changes. Differential vulnerability of nonverbal/ visual and verbal memory to the disruptive effects of atrophy could explain these results. If nonverbal/visual memory is more affected by atrophy than is verbal memory, a lesser degree of atrophy in the right relative to the left hemisphere could produce greater face memory changes than the equivalent or even a smaller degree of atrophy in the left hemisphere could produce on word memory.
Although ventricular asymmetry may in part reflect other underlying anatomical brain asymmetries, such as the shape of the skull or the shape of the planum temporale, the relation between face-word memory discrepancies and lateral ventricle asymmetry was significant only in older subjects, suggesting that variable patterns of age-related atrophy underlie the memory patterns. If other structural asymmetries were related to memory discrepancies, one would have expected significant correlations in both old and young subjects.
Age-related differences were found on some standard tests of nonverbal/visual cognition and on tests of nonverbal/ visual memory, as well as on measures of short-and longterm nonverbal/visual memory from the continuous recognition memory tests. Older subjects performed significantly worse than young subjects on the Benton Facial Recognition test, but all scores were well within the normal range, indicating normal perception. Therefore, visuoperceptual deficits probably did not influence the older subjects' performance on continuous recognition memory tests. No agerelated differences were found on tests of verbal ability and of verbal memory. These results, consistent with previous reports (Hochandel & Kaplan, 1984) , demonstrate a preservation of verbal over at least some nonverbal/visual abilities with advancing age, and extend this observation to verbal and nonverbal/visual memory. Age-related structural changes were detected as increased right and left lateral ventricle volumes and increased right-left lateral ventricle asymmetry. The old subjects who individually demonstrated significantly more ventricle asymmetry relative to young subjects all had larger left than right lateral ventricles, a finding consistent with that of several independent studies (Schwartz etal., 1985; Yeo et al., 1987; Zatz et al., 1982) .
Differences between nonverbal/visual and verbal ageassociated memory loss have not been examined before using matched tests. The face and word materials of the continuous recognition memory tests had equivalent difficulty levels and variances in the old group, so that their scaling properties were comparable, and the difficulty range was wide enough to avoid ceiling effects. In the young group, the variances for the face and word materials were equivalent, but the difficulty levels were not matched. Because age-related memory differences were restricted to the nonverbal/visual material, it was impossible to match the face and word continuous recognition memory tests on difficulty in both groups. We cannot rule out that the nonsignificant correlational results for young subjects were due to the non-matched difficulty levels for the continuous recognition tests.
In both groups, face-word discrepancies derived from the WMS and standardized tests of non-memory nonverbal/ visual and verbal abilities were not correlated with lateral ventricle asymmetry. The good psychometric properties of the continuous recognition memory tests in the older group may account in part for why the continuous recognition memory discrepancies correlated with ventricle asymmetries whereas discrepancies based on other memory and cognitive tests did not. Continuous recognition memory tests may have greater sensitivity because they are designed to evaluate different degrees of memory efficiency in normal subjects, rather than in maximally discriminating normal subjects from patients with brain dysfunction. In addition, the continuous recognition memory tests, by virtue of their simpler nonmemory task demands, may provide purer measures of memory function than do other tests, which may add to their greater sensitivity. WMS immediate and delayed recall for stories and figures are free recall tests, which probably also reflect other non-memory nonverbal/visual and verbal functions associated with processing and retrieval.
Older subjects differed from young subjects on tests of visuoperceptual discrimination and visuospatial construction as well as on tests of nonverbal/visual memory. However, non-memory nonverbal/visual-verbal discrepancies were not related to right-left lateral ventricle asymmetry, suggesting that the correlations we found may be specific to memory. Before any definite conclusion can be drawn as to the specificity of these correlations, however, more thorough studies of language and visuoperceptual abilities are needed. Experimental tests relying on properties comparable to those of continuous recognition memory tests would help determine the generalizability of the findings to other cognitive functions or their specificity to memory. Besides the good psychometric properties of continuous recognition memory tests which have already been mentioned, other factors may explain why lateral ventricle asymmetry, a reflection of brain atrophy, is selectively related to memory but not to other cognitive non-memory measures. Although atrophy may be expected to be a generalized phenomenon that affects all cognitive functions to a similar degree, it is possible that in healthy subjects some brain areas are more atrophic than others, and this may be particularly true of the brain regions involved in memory, such as the temporal lobes and/or the hippocampus (see, for example, Golomb et al., 1993) . Consequently, CSF volume in the lateral ventricles could reflect atrophy more in particular brain regions than in others.
Despite recent developments in magnetic resonance imaging (MRI) technology, the question of the relation between lateral ventricle size and cognitive function has not been addressed by use of this new technique. Moreover, to the best of our knowledge, the relation between regional brain atrophy and cognitive function in aging has been addressed in only one MRI study (see Golomb et al., 1993) . Although MRI has an increased capacity to differentiate between gray and white matter and is unaffected by bone-hardening artifacts (which affect CT, especially for the measurement of temporal lobe structures), CT is very good at discriminating between brain density and CSF spaces, and therefore provides an appropriate measure of lateral ventricle volume. Because CT costs are much reduced relative to MRI and scanning times are shorter, CT is still a useful way to measure CSF spaces as an indirect measure of brain atrophy.
The current results demonstrate that the forgetting curve for faces memory has a shape similar to the forgetting curve for nonrepresentational line drawings reported by Haxby, Lundgren, and Morley (1983) . The recency effect for retention of nonverbal/visual stimuli is evident only when no other item intervenes between the first and second presentation of a visual item.
The nonverbal/visual and verbal stimuli of continuous recognition memory tests were chosen to be hemispherespecific. There are differences in stimulus familiarity between the two materials chosen, faces being novel stimuli and words being familiar stimuli. However, this inconvenience was unavoidable. For the nonverbal/visual material, unfamiliar faces had to be used to avoid verbal mediation (Paivio, 1969) .
Age-related nonverbal/visual memory differences are consistently reported using classic recognition procedures (Harwood & Naylor, 1969; Howell, 1972; Riege & Inman, 1981; Trahan, Larrabee, & Levin, 1986) or continuous recognition memory paradigms (Ferris, Crook, Clark, McCarthy, & Rae, 1984) . Age-related verbal memory differences are less consistent. Our results of nonsignificant agerelated differences in word recognition support those of Schonfield and Robertson (1966) and Craik (1971) . Significant age-related changes in word recognition, however, have been found in several other studies (Botwinick & Storandt, 1974; Erber, 1974 Erber, , 1978 Fozard& Waugh, 1969; Gordon & Clark, 1974a , 1974b Poon & Fozard, 1980; Wickelgren, 1975) . These discrepancies may be accounted by differences in testing (Gordon & Clark, 1974a , 1974b and screening procedures (Schonfield & Robertson, 1966) , stimulus presentation rates (Craik & Rabinowitz, 1985; Erber, 1978) , stimulus types (Harkins, Chapman, & Eisdorfer, 1979) , word frequencies (Erber, 1974; Poon & Fozard, 1980) , or may be due to fatigue effects (Wickelgren, 1975) . Poon and Fozard (1980) , using continuous recognition memory tests, found age-related verbal memory differences. However, these can be explained by significant differences in verbal aptitude in their young and old groups.
In conclusion, although the general pattern of age-related differences in right versus left lateral ventricle size and nonverbal/visual versus verbal memory are not related, individual deviations from this general pattern are related. This finding could be explained by differential vulnerability of nonverbal/visual and verbal memory to the disruptive effects of atrophy, right-hemisphere atrophy disrupting nonverbal/ visual memory more than left-hemisphere atrophy disrupts verbal memory.
